Background: During the last four years, the banking sector in Bosnia and Herzegovina has been facing crisis which has caused the stagnation within the sector. Still, the results within the sector vary to a great extent from bank to bank. Objectives: The efficiency score is assessed for each bank and serves as a basis for further comparisons between banks in the period between 2008 and 2010. Methods: A modified model of Data Envelopment Analysis (DEA) has been used in order to combine several financial indicators simultaneously in a unique efficiency measure. The model provides a rounded judgement on a bank's relative efficiency. Results: Efficiency of individual banks varied throughout the observed period and not all of the banks were a part of the negative banking sector trend induced by the crisis. There is no significant difference between performance of banks in different entities of Bosnia and Herzegovina, and between smaller and larger banks. Conclusions: The results of the study can be used by bank managers to assess the performance of their banks, as observing financial ratios separately can result in a misleading conclusion. The most valuable practical implications of the findings are the provided feasible targets for the three observed years.
Introduction
Despite the fact that most of the banks respectively do follow the trends of the banking sector and record a negative orientation of basic business performance indicators, there is still a number of banks with better business results when compared to the previous years (CBBH Annual Report, 2010). Therefore, the study focuses on analysing individual business effectiveness of banks in Bosnia and Herzegovina, using financial ratio measures combined with the Data Envelopment Analysis (DEA) method in order to get a better understanding of the banking sector in the country. DEA is used in the research as a method which is considered as an alternative to the traditional ratio analysis (Feroz et al. 2003) , when assessing the performance of analysed entities.
The main purpose of this study is the analysis and comparison of the efficiency of respective banks in the territory of Bosnia and Herzegovina (BH) by using financial ratio measures combined with the Data Envelopment Analysis (DEA) method. As part of the BH bank efficiency analysis and comparison, we compare the efficiency of banks in both Bosnia and Herzegovina entities, Federation of Bosnia and Herzegovina (FBH) and Republika Srpska (RS) Two entities are observed separately because of the peculiarity of the institutional and legal regulations of the banking sector in Bosnia and Herzegovina. The previous research shows that bank efficiency has often been linked to bank size and the amount of total assets (Chatzoglou et This research has threefold objective. The first objective is to determine individual efficiency of banks based on the overall efficiency score using the DEA method. This further enables comparisons between banks and gives insight on the trends of the banking sector in the period between 2008 and 2010. The second objective relates to comparing performances of banks in FBH and RS, taken the particular legal framework under which the banks operate. The last objective is to attempt to give an answer to whether smaller or bigger banks are more successful. Since the researchers conducted so far failed to give a harmonized answer to this question (Chatzoglou et To our knowledge, this is the first research conducted so far with the aim of benchmarking the efficiency of banks in BH, applying the DEA. The significance of the research is that it offers an insight into the individual bank efficiencies calculated through a combination of multiple financial indicators, which enables a better overview of the banking sector in BH. It is also useful for the bank management as it enables managers to get a real sense of the bank's position when compared to the competition and enhance their efficiency by adopting certain business practices of top ranking banks. Finally, the DEA helped identify feasible improvement targets for inefficient banks.
Literature review

Measuring Banks' Performance
The role of banks in any economy can be qualified as crucial since they serve as financial mediators on financial markets. Their successful dealings positively affect the stability of the financial sector and certainly contribute to economic growth. Therefore it doesn't come as a surprise that a huge number of researches in the field of banking focus precisely on measuring and comparing bank performances and identifying main factors that affect their success (Chen & Several financial performance measures such as profitability or liquidity are used in the reviewed research, whereas financial ratio measures are most commonly used. The advantage of these measures is that they are not expressed in absolute, but in relative terms, thus eliminating the influence of inflation, currency differences and size issues, when comparing different entities. Due to the above-mentioned characteristics, they are suitable for bank performance comparisons among several countries and through a longer period of Vol. 4 No. 2 / December 2013 positive relation to good capitalization, high lending activities, low credit risk, and the efficiency of cost management.
Another research conducted by Alper and Anbar (2011) analyses the influence of external and internal factors on bank profitability in Turkey. ROA and ROE as two measures of profitability were used as dependent variables, while the total assets, capital adequacy, liquidity, deposits and asset quality (internal determinants), as well as the annual inflation rate, real interest rate and annual GDP growth rate (external determinants) were used as independent variables. The research was conducted on 10 commercial banks from 2002 to 2010. The authors found that asset size has a significant effect on bank's profitability, while low asset quality reduces profitability. The only external variable, among all chosen, that had a significant effect on profitability is real interest rate.
A similar research conducted by Bach et al (2006) on the example of Croatian banks examined the profitability determinants of Croatian banks using macroeconomic factors (GDP, inflation), as well as bank specific factors (market participation, the ratio of stock capital to the overall property, NIM, the relation of operational costs to the overall property, etc.). The authors used multiple linear regression with the dependent variables ROA and ROE. The research encompasses the period between 1999 and 2005. The results revealed that, in stabile macroeconomic conditions, efficient cost management and capitalization of banks are in positive relation to profitability as well as market participation of banks.
Data Envelopment Analysis for Measuring Banks' Performance
DEA is a non-parametric method based on the linear programming model, which is being used for performance measurement of Decision Making Units (DMUs). By DMUs we considered all subjects which are able to convert inputs into outputs. The DEA method was first presented by Charnes et al. (1978) . As time passed, variations of their initial model evolved, increasing thus the popularity of the DEA method (Banker et al. 1984; Zhu 2003) . The main goal of DEA is to use a set of similar DMUs as to determine which one of them has the best performances in relation to the others. Such a unit is considered to be standard and other observed DMUs are compared to it. Given that the DAE evaluates performance of DMUs as a weighted sum of outputs to the weighted sum of inputs, its most common use is for measuring the efficiency of DMUs. It is important to note that this efficiency is not absolute, but rather relative, since it is assessed through the relations to other DMUs. A definition of relative DMUs efficiency was provided by Cooper (2010) : "A DMU is to be rated as fully (100 percent) efficiencies on the basis of available evidence if and only if the performance of other DMUs does not show that some of its inputs or outputs can be improved without worsening some of its other inputs or outputs". Using DEA enables DMUs ranking according to their efficiency scores. It also identifies how much input must be reduced or outputs increased in order for DMUs to become efficient.
DEA has its advantages as well as disadvantages. The main advantages of DEA method are that it can be easily applied to small samples, no assumption has to be fulfilled about functional or statistic distribution and it gives an overall efficiency score for each DMU. The main disadvantages of DEA method are that it assumes data to be free of measurement error and it is sensitive to outliers. The occurrence of outliers shows results were "it is possible that some of the inefficient DMUs are in fact better performers than certain efficient ones" (Talluri, 2000) . However, DEA model is better than the financial ratio analysis in the sense that it "forms a rounded judgment on DMUs efficiency, taking into consideration a variety of ratios simultaneously and combining them into a single measure of efficiency" (G. E. Halkos & Salamouris 2004) .
Data Envelopment Analysis is widely used not only for the assessment of bank performance, but also for measuring the performances of other subjects, such as, for example, universities. Mostafa (2007) conducted a benchmarking of 85 Arabic banks in 2005, using DEA. Equity and total assets were used an inputs, while net profit, return on equity and return on assets were used as outputs. The research resulted in the creation of a ranking list in which only 8 banks proved to have a maximum efficiency score, while other banks were insufficiently efficient or even inefficient. This and similar research enables managers to get a real sense of the bank's position when compared to the competition and enhance their efficiency by adopting certain business practices of top ranking banks.
Ozkan-Gunay and Tektas (2006) used the DEA model in order to analyse the efficiency of banks in Turkey in the period between 1990 and 2001. In that period of time, two financial crises hit Turkey, the first being in 1994, and the second in 2001. The main objective of the study was to estimate the influence of the crises on commercial banks in Turkey. The results show an evident decrease trend when it comes to the number of efficient banks in the period of research. In addition, 25 % of local commercial banks were taken over by the foreign Saving Deposits Insurance Fund. The banks that were taken over were significantly more inefficient than the remaining banks on the market.
Applying the DEA, Chen and Yeh (2000) measured relative efficiency of 34 commercial banks in Taiwan since 1996. In addition to individual efficiency evaluation of banks and their ranking, they also compared the efficiency of banks depending on their ownership structure. Out of 34 banks, 11 proved to be efficient. Furthermore, 10 of them were private and one was state-owned. Average technical efficiency scores of state-owned banks was significantly lower than that of private banks.
The Data Envelopment Analysis was also used to assess efficiency of banks in Croatia. In their study, Jemric and Vujcic (2002) used data for the period between 1995 and 2000, taking interest and related costs, commissions for services and related costs and administrative costs as their inputs and interest and related revenues as their outputs. For analytical purposes, banks are grouped according to ownership structure: state owned, private domestic and foreign, and according to age: old (founded before 1990) and new (founded in 1990 or later). The DEA shows that foreign owned banks in Croatia attained better business results than banks owned by local entities and that new banks were more efficient than old ones. The research done by Kumar and Gulati (2010) applied a two-stage DEA model for evaluating bank performances. In stage one was measured bank efficiency tracking fixed assets labour (number of employees) and loanable funds (sum of deposits and borrowings) as inputs, and investments and "advances" as outputs. In second stage bank's effectiveness was measured by taking outputs of the first stage (Investments and advances) as inputs, while "net-interest income and non-interest income was used as outputs. A two-stage DEA was also used by Tsolas (2010) in order to assess performances within the branches of a large Greek bank. Halkos and Salamouris (2004) presented a modified DEA model for assessing bank efficiency. The main assumption of the model is that the inputs are similar or even same for all banks since they operate on the same market and offer the same services. That is why this model does not directly take inputs into consideration, only outputs in the form of financial ratio indicators. Respecting the main assumption of the model itself, the research was conducted on commercial banks in Greece, using data for the period between 1997 and 1999. The outputs used included the following financial ratios: return on equity, return on assets, net interest margin, profit/loss per employee, efficiency ratio and return difference of interest bearing assets. The results indicated which banks were efficient and determined feasible targets for the enhancement of other banks' efficiency.
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The same model was applied by Chatzoglou et al. (2010) using: ROA, ROE, efficiency ratio, net interest margin and profit/loss per employee as outputs. The analysis included data of 10 Greek commercial banks in the period from [2003] [2004] [2005] [2006] . The results were compared to the standard DEA model in which the following input was used: total assets, labour and operational expenses, while net profit was used as the output. Research has shown the similarity of the results obtained in both models. Also a positive correlation between the size of banks (as measured by total assets) and its performance was determined.
This overview of literature shows that, even though a great number of studies on bank performance assessment were conducted using the DEA method, none of those studies known to the author ever included banks in Bosnia and Herzegovina. This work shall attempt to fill in this research gap. Bosnia and Herzegovina's banking market will face the increasing needs of efficiency improvements as joining the European Union becomes a more actual topic. The war aftermath, constitutional constraints and complex political setup, had a negative influence on the Bosnian economy, transition process, its financial markets and the overall efficiency. This research has an aim of giving an additional insight into the current efficiency of the banking sector as well as to detect banking leaders and under-performers. The author shall apply the modified DEA model referring to the studies of Halkos and Salamouris (2004) and Chatzoglou et al.(2010) .
Methodology
In this research modified DEA model was applied which, unlike the conventional models, uses financial ratios as outputs while inputs are not taken directly into consideration. There are two reasons justifying the absence of inputs: the fact that inputs are already included indirectly in the model through ratios, for example ROA as output variable is actually the ratio of profit and total assets where assets could be considered as input; and the basic assumption of this model that all banks from the sample operate in the same market and offer the same types of services so they use similar or equal inputs. Because of its features, this model "constitutes an interesting alternative for efficient evaluation and a complement to the simple ratio analysis" (G. E. (1) where N represents the number of banks under the consideration; Ri represents a vector of outputs (i=1,2,.…,m) for each bank n (n=1,2…,N); and λn represents weight placed on each of the banks in forming the efficient frontier for bank (l). The efficiency score for each bank is given by  l = 1/ l and it can take values between 0 and 1 (0≤ θ ≤1). Banks with the efficiency score equal to one are considered efficient, while those with efficiency score less than one are less efficient or inefficient.
If bank l is considered inefficient then a feasible target for improvement in each ratio Ri for bank l is defined by: it is possible that some banks exhibit negative outputs. Because it would compromise the inequality in Eq (1), Halkos and Salamouris (2004) suggested that in such cases, the constraint associated with the negative ratio should be modified to the following:
This modification would ensure that the reference group not exhibit worse performance than a reference bank on the output where that bank has negative performance. Following is the description of the research sample and data sources.
Research Sample and Data Sources
The research is conducted in 26 out of 29 commercial banks operating on BH market. Three banks that were excluded from the research are: Bosnia Bank International which conducts its business activities according to the principles of Islamic banking; Postbank and Hercegovacka Banka which are both under the interim administration. In order to evaluate the efficiency of banks, secondary sources of data were used, including a financial report of banks operating in Bosnia and Herzegovina from banking regulatory authorities in both Bosnian entities. The research covered the period of three years, including 2008, 2009 and 2010.
Five financial ratios were chosen to reflect efficiency as well as profitability dimensions of banks' performance. Five chosen ratios are presented in Table 1 Since the efficiency ratio (θ) takes values from 0 to 1, the bank with an efficiency ratio equal to 1 is considered as the most efficient one. Banks were ranked according to the calculated efficiency ratio in all of the three years. In order to compare the results to the ones gained by Chatzoglou et al. (2010) and answer a question whether large banks are more efficient than smaller ones, separate average efficiencies for large and small banks were calculated. As presented in the next table, the efficiency factors between large and small banks were relatively equalled in 2008 and 2009 showing no efficiency difference between the two groups of banks differentiated by their size (the asset values are given in million EUR). The difference however emerges in 2010 were small banks had a higher average efficiency (0.91) compared to the efficiency of large banks (0.84). It can be concluded that, unlike the results obtained in the Greek sample of banks (Chatzoglou et al. 2010) , where large banks seem to be more efficient, the five-ratio model applied on the Bosnian banking market shows that in one out of the three observed periods, small banks are more efficient.
Since the Bosnian banking market is legally, politically and financially divided into two parts or two entities, a logical question is imposed. Since different banks are registered in one of the two entities, it was tested whether there is a difference in profitability and efficiency between banks registered in FBH and RS. The next table gives a comparative overview of the DEA efficiency ratios between the two groups of banks. Average efficiency ratios have been calculated separately for FBH based and RS based banks. The five-ratio DEA model shows differences in efficiencies between banks registered in the two entities. 
Discussion and conclusion
The main contribution of this research is in the fact that DEA method has been applied for the first time on the banking market data from BH. Bosnia and Herzegovina current are a transitional country, with an underdeveloped financial market, whereas the results of such research can benefit from not only the banking but for the whole financial market and the economy in total, through the detection of financial and operational inefficiencies and proper following remedial actions. Apart from the ranking of the banks performed by the competent banking agencies in BH, this research brings a new insight into a ranking of banks from the financial performance aspect. The main contribution of the research is the fact that the total banking sector has been screened in the study, enabling the generalisation of the results and findings. The financial ratios used to construct the efficiency ratios are based on the previous research in this area.
Possible limitations can be in the inaccurate data reported in the financial statements by the banks that can give misleading results and their interpretations. This research aimed at observing the performance data of the banking sector in Bosnia and Herzegovina. A model used five financial ratios (ROA, ROE, NIM, 1/EFF and P/L). Since the study covered the total banking sector of Bosnia and Herzegovina, with an exclusion of only three banks which do not satisfy the minimum requirements of the study, the results and the findings can be generalised for the whole market of Bosnia and Herzegovina. Since no such research has been conducted on the Bosnian banking market the results of this research give a unique insight into the efficiency of the banking efficiency in Bosnia and Herzegovina.
The main research questions are successfully answered. A country-wise efficiency ranking of banks was constructed based on DEA results for the three consecutive years, based on their financial performances. An overview of the development of the whole banking sector of Bosnia and Herzegovina has been assessed by the five-ratio DEA model. Previous research often used four-ratio DEA models (Alam et 
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Aligned with the constitutional, legal and economic structure of BH, and its financial system, separate bank rankings were constructed for FBH and for RS. Average efficiencies of the banking sectors of the two entities were compared, as FBH banks were more efficient in 2008 and 2009, while RS banks showed better overall results in 2010.
The results of the study can be used by bank managers to assess the performance of their banks from another aspect. Observing financial ratios separately can lead ti incomplete and inappropriate conclusion for managers. Comparing the achieved results to the results of the other banks which are considered as competition can also be useful to managers.
The most valuable practical implications of the findings are in the provided feasible targets, for all of the three observed years. Feasible targets represent the values of the bank financial ratios which should be reached if a bank is willing to achieve high efficiency. It is calculated for each bank and for each of the financial ratios used in the analysis. This research can be regarded as a theory and practice orientated, since it applies a theoretical DEA method and practical financial panel data of banks operating in BH. The possible recommendation for future research would be aimed at applying other statistical methods, such as factor analysis or cluster analysis to classify banks operating in BH into different groups based on their specific characteristics, which could be financial and non/financial. DEA method can also be used to compare other participants of the financial and real sector.
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